Spectroscopic characterization of secondary amine mono-oxygenase. Comparison to cytochrome P-450 and myoglobin.
Secondary amine mono-oxygenase from Pseudomonas aminovorans catalyzes the NAD(P)H- and dioxygen-dependent N-dealkylation of secondary amines to yield a primary amine and an aldehyde. Heme iron, flavin, and non-heme iron prosthetic groups are known to be present in the oligomeric enzyme. The N-dealkylation reaction is also catalyzed by the only other heme-containing mono-oxygenase, cytochrome P-450. In order to identify the heme iron axial ligands of secondary amine mono-oxygenase so as to better define the structural requirements for oxygen activation by heme enzymes, we have investigated the spectroscopic properties of the enzyme. The application of three different spectroscopic techniques, UV-visible absorption, magnetic circular dichroism and electron paramagnetic resonance, to study eight separate enzyme derivatives has provided extensive and convincing evidence for the presence of a proximal histidine ligand. This conclusion is based primarily on comparisons of the spectral properties of the enzyme with those of parallel derivatives of myoglobin (histidine proximal ligand) and P-450 (cysteinate proximal ligand). Spectral studies of ferric secondary amine mono-oxygenase as a function of pH have led to the proposal that the distal ligand is water. Deprotonation of the distal water ligand occurs upon either raising the pH to 9.0 or substrate (dimethylamine) binding. In contrast, the deoxyferrous enzyme appears to have a weakly bound nitrogen donor distal ligand. Initial spectroscopic studies of the iron-sulfur units in the enzyme are interpreted in terms of a pair of Fe2S2 clusters. Secondary amine mono-oxygenase is unique in its ability to function as cytochrome P-450 in activating molecular oxygen but to do so with a myoglobin-like active site. As such, it provides an important system with which to probe structure-function relations in heme-containing oxygenases.